
Accelera tor  Department 
BROOKHAVEN NATIONAL UBORATORY 
Associated U n i v e r s i t i e s ,  Inc .  

Upton, L . I . ,  N.P. 

AGS DIVISION TECHNICAL NOTE 

No. 17 

H. Wroe 

March 29, 1966 

DETAILS OF THE OXIDE CATHODES USED I N  THE AGS DUOPLASMATRON SOURCE 

I. In t roduc t ion  

The cathode used i n  t h e  duoplasmatron source  is of t h e  d i r e c t l y  

hea ted  type  wi th  a coa t ing  of  barium and s t ron t ium oxides .  

developed from a des ign  by D r .  L. Oleksiuk who based it  on a mercury 

vapor t e t r o d e  cathode (RCA type 672-A). 

It 'has  been 

The s p e c i a l  t o o l s  and j i g s  used i n  t h e  cons t ruc t ion  have been designed 

and made by G.R. Racket t ,  who has a l s o  made a l l  t h e  cathodes used t o  d a t e .  

2 .  Construct ion of t h e  Cathodes 

The g e n e r a l  arrangement of t h e  cathode is shown i n  F ig .  1. The oxide 

coa t ing  is c a r r i e d  by a s t r i p  of n i c k e l  gauze, wound i n t o  a b i f i l a r  f i l ament  

and s p o t  welded t o  two n i c k e l  rods  which form t h e  f i lament  cu r ren t  leads.  

The passage of about  25A (ac) through t h e  gauze is  s u f f i c i e n t  t o  raise i t s  

temperature  t o  t h e  ope ra t ing  level of 900-1000°C when t h e  power consumed 

is  about 60 w a t t s ,  see Fig.  3 .  This  comparatively low power consumption 

i s  achieved by t h e  use  of a n i c k e l  can surrounding t h e  f i lament  which 

acts as s h i e l d ,  enormously reducing t h e  power r a d i a t e d  from t h e  f i lament .  

The s h i e l d  is supported from t h e  n i c k e l  rods wi th  two ceramic i n s u l a t o r s  a t  

each end, as shown i n  Fig.  1. The i n s u l a t o r s  are kept  i n  p l ace  by n i c k e l  

f e r r u l e s  which are s p o t  welded t o  t h e  rods ,  s o  t h a t  t h e r e  is no mechanical 

f o r c e  on t h e  guaze i t s e l f .  

There are two reasons f o r  t h e  b i f i l a r  arrangement. F i r s t ,  i t  makes t h e  

n i c k e l  rod symmetrical about t h e  a x i s  and conveniently 

connect ion t o  the  cathode mounting f l ange .  Second, i t  tends tcl minimize 

t h e  magnetic f i e l d  produced by t h e  f i lament  cu r ren t  which can a f f e c t  t h e  

arc d ischarge  i n  some circumstances.  

spaced f o r  t h e  
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The cathodes are spo t  welded toge the r  i n  n i c k e l ,  us ing  an  Ewald model 

WHD 4F welding head and a model P30-1OS6 power supply.  

e l e c t r o d e s ,  1/8- in .  diameter ,  are used f o r  a l l  t h e  welds and the power 

supply is  set t o  t h e  50 w a t t  se&ond range ,  

i n  Fig.  2 and a r e  numbered, t h e  s e t t i n g s  of t he  power supply f o r  each one 

be ing  shown i n  Table  I. 

Copper a l l o y  m' 
A l l  t h e  welds used are shown 

Tab le  I 

Power Supply E lec t rode  
Weld N o .  Vol tage P res su re  l b s .  

1 
2 

3 

4 

220 

9 00 

700 

550 

5 

20 

20 

10 

Figure  2 a l s o  i l l u s t r a t e s  t h e  sequence of  opera t ions  i n  t h e  assembly 

The f i lament  i s  f i r s t  made from a s t r i p  of n i c k e l  gauze of t h e  cathodes.  

wi th  t h e  ends folded over and welded as shown. This  i s  next fo,rmed i n t o  

i ts  b i f i l a r  form us ing  a s p e c i a l  j i g  and i s  then  welded t o  t h e  1/16-in.  

diameter  n i c k e l  rods between t h e  f e r r u l e s  as shown i n  Fig.  2, a t  which 
s t a g e  i t  can be coated.  

The coa t ing  mixture  is f i r s t  thoroughly mixed by revolv ing  t h e  b o t t l e  

on motor-driven r o l l e r s  f o r  several days,  though whether such a lengthy 

mixing is  r e a l l y  necessary  is  not  y e t  determined. 

i n t o  t h e  mix, dra ined  and d r i e d  o f f  by p l ac ing  i t  about 10- in ,  away from a 

250 w a t t  i n f r a r e d  lamp f o r  h a l f  a n  hour .  This  i s  repea ted  t h r e e  t i m e s  t o  

b u i l d  up a s u i t a b l e  th i ckness  of t h e  coa t ing .  

The f i lament  is dipped 

The o u t e r  cy l inde r  of  t h e  can i s  r o l l e d  from 0.020-ln. t h i c k  n i c k e l  

shee t ,  s p o t  welded as i n  Fig.  2 ,  and t h e  end caps punched out  from t h e  same 

material us ing  s p e c i a l  t o o l s .  The f i lament  can then  be assembled wi th  the  

can us ing  t h e  ceramic i n s u l a t i n g  bushes.  

The n i c k e l  p a r t s  are washed i n  ace tone  and t h e  cons t ruc t ion  of t h e  

cathode i s  performed wearing c o t t o n  gloves,  bu t  more s t r i n g e n t  c leaning  

processes  l ike hydrogen f i r i n g  do not seem t o  be necessary.  
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A l i s t  of t h e  materials used along wi th  t h e  source  of supp1.y and t h e  

order  number used is given i n  Table 11, so  t h a t  i f  any unusual r e s u l t s  are 

found i n  t h e  f u t u r e , i t  should be p o s s i b l e  t o  trace t h e  o r i g i n  of t h e  

components. 

c' 
Table 11 

Source o f  
Component Materia 1 Supply Order No. 

Radia t ion  s h i e l d  82 
f e r r u l e s  

F i lament 

Filament cur  r e n t  leads  

I n s u l a t o r s ,  dwg . No. 

Oxide coa t ing  

0.010- i n .  t h i c k  grade 
A n i c k e l  s h e e t  

Grade A n i c k e l  gauze 
0.004- i n .  diameter  
w i r e ,  50 mesh 

Grade A n i c k e l  rod  
1/16-in.  diameter  

Ceramic 

P r o p r i e t a r y  RCA mix 

A p r i l  6 ,  1962 
Lot NO. 248-405-2 

Var l aco id  Cheniica 1 
co . 

I 1  I II 

11 I I  

" A l s  imag" American 
Lava Corp. 

RCA 

070-732 . 

08 7 - 045 

5716 7-AGS 

082393-AGS 

3.  Ac t iva t ion  

The s t ron t ium and barium carbonates  i n  t h e  coa t ing  are f irst  converted 

t o  oxides by r a i s i n g  t h e  cathode temperature  i n  vacuum, cons iderable  amounts 

of gas being evolved i n  t h e  process .  This may be done i n  t h e  source  i t s e l f ,  

i n  which case  i t  may t ake  10-15 hours because of t h e  slow pumping speed of  

t h e  anode a p e r t u r e  and t h e  procedure i s  simply t o  raise t h e  f i lament  cu r ren t  

s lowly  s o  t h a t  t h e  p re s su re  i n  t h e  a r c  chamber does not  r ise above 200 

microns. When t h e  cu r ren t  reaches 25 A, t h e  source i s  l e f t  t o  pump out  u n t i l  

t h e  p re s su re  has f a l l e n  t o  less than  10 microns. A t  t h i s  s t a g e ,  hydrogen i s  

admit ted t o  t h e  working p res su re  of 200-300 microns (gauge reading)  and 

t h e  d ischarge  vo l t age  pulses  are a p p l i e d .  

Ac t iva t ion  of t h e  coa t ing  seems t o  be automatic  wi th  t h i s  procedure,  

and i n  almost a l l  cases, a d ischarge  c u r r e n t  of t e n s  of amperes can be 

obta ined  immediately. I n  a few cases, t h e  d ischarge  w a s  not seen  u n t i l  

10-15 minutes a f t e r  applying t h e  d ischarge  vo l t age .  

Once a c t i v a t e d ,  t h e  cathodes can be exposed t o  the  atmosphere s e v e r a l  

times without  harm. The vacuum system is f i l l e d  wi th  d ry  n i t rogen ,  but  t h e r e  
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i s  no evidence t h a t  t h i s  is e s s e n t i a l  as f a r  as t h e  cathode is  concerned. 

The r e a c t i v a t i o n  is u s u a l l y  completed w i t h i n  an hour once t h e  cathode has 

been exposed t o  t h e  atmosphere, provided t h e  exqosure was s h o r t ,  say  less 

than  h a l f  an  hour.  R. Amari is  working on a t r a n s f e r  chamber which w i l l  

e l i m i n a t e  t h i s  de lay .  The device  i s  b a s i c a l l y  a small chamber i n t o  which 

t h e  cathode can be withdrawn, i n  vacuum, and then  s e a l e d  o f f  w i t h  an a l l -  

metal g a t e  valve,  s o  t h a t  t he  source  can be let  up t o  a tmospheric  p re s su re  

f o r  experimental  purposes,  o r  t h e  cathode can be t r a n s f e r r e d  t o  ano the r  

sou rce  a l t o g e t h e r  wi thout ,  a t  any t i m e ,  exposing it .  It a l s o  inco rpora t e s  

a bypass vacuum connect ion between t h e  arc chamber and main vacuum system, 

s o  t h a t  t h e  former can be pumped out qu ick ly  wi thout  t h e  r e s t r i c t i o n  on 

pumping speed imposed by t h e  anode a p e r t u r e .  

r i n g s  throughout and t h e  device  is completely "clean", from t h e  vacuum 

p o i n t  of view. 

0' 

Vacuum seals are rnetal "Off 

Cathodes intended f o r  u se  on t h e  AGS machine are a c t i v a t e d  i n  a 

s e p a r a t e  vacuum r i g  and kep t  under vacuum u n t i l  r equ i r ed .  

be  admit ted t o  t h i s  r i g  and a d ischarge  operated i n  t h e  normal way, s o  

t h a t  t h e  cathode is f u l l y  proved before  use  i n  t h e  AGS. 

Hydrogen can 

4 .  Performance of t h e  Cathodes 

The opera t ing  temperature  was measured by observing t h e  cathode 

through t h e  o r i f i c e  of a dummy in t e rmed ia t e  e l e c t r o d e ,  placed i n  a b e l l  

jar, w i t h  a n  o p t i c a l  pyrometer, t h e  r e s u l t s  being as fo l lows:  

Filament Current Gas P res su re  Temp era t u r  e 
O C  - A mm Hg 

25 9 00 

25 200 microns 850 
TC gauge reading 

30 1000 - 
The tempemlures quoted are t h e  readings  of t h e  o p t i c a l  pyrometer 

and no c o r r e c t i o n s  have been app l i ed  f o r  t h e  e m i s s i v i t y  of t h e  :Eilament 

o r  t h e  abso rp t ion  of t he .  g l a s s  w a l l  of t h e  b e l l  j a r .  The t r u e  temperatures  

could be up t o  100°C h ighe r .  
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The power consumption of t h e  f i lament  and vo l t age  drop as a func t ion  

of  c u r r e n t  are shown i n  F ig .  3. A cathode was  t r i e d  without  t h e  r a d i a t i o n  

s h i e l d ,  bu t  t h e  r a d i a t e d  power increased  so much t h a t  even wi th  a f i lament  

cu r ren t  of 40 A, t h e  temperature  was not  high enough t o  complete t h e  a c t i -  

v a t i o n  process .  

The performance of t h e  cathodes wi th  tthe Mark I duoplasmatron source  

has  been q u i t e  s a t i s f a c t o r y  and they  have proved r e l i a b l e  and long-l ived,  

though,no d e f i n i t e  f i g u r e  can y e t  be  g iven  f o r  t h e  u s e f u l  l i f e t i m e .  D i s -  

charge c u r r e n t s  between 25 and 30 A can e a s i l y  be  obta ined  f o r  per iods  of 

continuous ope ra t ion  w e l l  over  a month. No cathode has  y e t  shown f a i l u r e  

of emission dur ing  normal opera t ion ,  though one case has been observed 

a f t e r  seven weeks ope ra t ion  when t h e  p r e i n j e c t o r  was a c c i d e n t l y  let up t o  

atmospheric p re s su re  wh i l e  t h e  cathode was ho t .  It seems t h a t  l i f e t i m e s  

of two t o  t h r e e  months may w e l l  be  obta ined .  

The o p e r a t i o n a l  experience j u s t  quoted was  ob ta ined  wi th  an  earlier 

v e r s i o n  o f  t h e  cathode i n  which t h e  upper ceramic i n s u l a t o r s  (Fig.  1) were 

absen t .  The disadvantage of  t h i s  cons t ruc t ion  i s  t h a t  t h e  r a d i a t i o n  

shgeld  can come loose i n  service and may touch t h e  f i l amen t .  The a d d i t i o n  

of  t h e  upper i n s u l a t o r s  makes a much more r i g i d  assembly, which has  per-  

formed w e l l  on t h e  test  s t and ,  bu t  has  not  y e t  been used on the  AGS 
p r e i n j e c t o r .  It is not expected t h a t  i t  w i l l  have a performance i n f e r i o r  

i n  any way. 

5. Conc lu s  ions  

The cons t ruc t ion  of oxide  cathodes is mechanical ly  robus t  and they  

have been r e l i a b l e  i n  opera t ion ,  both i n  test  s t ands  and on t h e  AGS 

machine. Too l i t t l e  experience has  y e t  been obta ined  t o  b e  a b l e  t o  g i v e  

a d e f i n i t e  f i g u r e  f o r  t h e  u s e f u l  l i f e  of t h e  cathodes,  bu t  i t  w i l l  probably 

be over two months continuous opera t ion .  

D i s t r i b u t i o n :  AGS Divis ion  S t a f f  

€@?/ah 
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